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GOLIAD COUNTY GROUNDWATER CONSERVATION DISTRICT 
~~ 118 S. Market St., P.O. Box 562, Goliad, Texas 77963-0562 
•• ••• .. j,, ••••• Telephone: (361) 645-1716 Facsimile: (361) 645-1772 

*( ~- ·t www.goliadcogcd.org 

\~/; Pre!i~::~ ~r::r~~::~nn 
Vice-President - Joe Kozielski 

Secretary/Treasurer - Barbara Smith 
Directors - Wesley Ball, John Dreier, John B. Duke, Rau lie Irwin 

November 16, 2011 

Mr. Philip Dellinger 6WQ-SG 
U, S. Environmental Protection Agency 
Region6 
Groundwater/DIC Section 
1445 Ross Avenue 
Suite 1200 
Dallas, TX 75202 

Mr. Dellinger, 

Re: Uranium Energy Corp Request for Aquifer Exemption: 

I have enclosed pages from the USGS Report, "Streamflow, Groundwater Hydrology, and 
Water Quality in the Upper Coleto Creek Watershed in Southeast Texas, 2009-2010." This 
study was done by USGS in cooperation with Goliad County Groundwater Conservation 
District, Victoria County Groundwater Conservation District, Pecan Valley Groundwater 
Conservation District, San Antonio River Authority and Guadalupe Blanco River Authority to 
study the interaction between surface water and groundwater in this area. We discussed this 
study with you in the spring of 2011, but because the study was not complete we could not 
release it to you. It has now been officially released and is available at: 
htto://oubs.usgs.gov/sir/2011/5157/. If you have any questions about this study please feel free 
to call Mr. Dohmann at 361-564-2026. 
I forwarded the website information to Mr. Jose Torres and asked him to get it to you. I don't 
have your email address. Thank you again for your consideration in the matter of Goliad County 
and the application by UEC for an aquifer exemption. 

Sincerely, t1~ ~ 
Barbara Smith, Manager, GCGCD 

(_/) 



Barbara Smith 

om: 
dent: 
To: 
Subject: 

· Barbara Smith [bsmith@goliadcogcd.org] 
Wednesday, November 16, 2011 9: 11 AM 
Torres.Jose@epamail.epa.gov 
FW: Publication NoticeSIR2011-5157 (Coleta CreekReport) 

Mr. Torres, Will you please forward this information to Mr. Dellinger and anyone else that would find it useful. Thank 
you, Barbara Smith, GCGC[?, General Manager - Goliad, TX 

From: Rebecca B Lambert (mailto:blambert@usgs.gov] 
Sent: Monday, October 24, 2011 3:42 PM 
To: Dohmann@att.net; Art Dohmann; Barbara Smith; Debbie Magin; Charlotte Krause; Melissa Bryant; 
tim.andruss@vcgcd.org 
Cc: Rebecca B Lambert; Christopher L Braun; Loren L Wehmeyer; James M Null 
Subject: re: Publication Notice SIR 2011-5157 (Coleta Creek Report) 

Good afternoon--

· The Coleta Creek study has been officially approved and released to the public. The report is available online at 
the URL listed below. Please let me know if you have any questions. 

Thanks-

Becky Lambert 

Rebecca B. Lambert, P.G. 
U.S. Geological Survey 
5563 De Zavala Rd., Suite 290 
San Antonio, TX 78249 
blambert@usgs.gov 
(210) 691-9218 
(210) 691-9270 FAX 

-- Fmwarded by Rebecca B Lambert/WRD/USGS/001 on 10/24/2011 03:28 PM ---
From: David A Perdue/GIO/USGS/001 

To: GS Online Pub Series Notification Recipients@usgs.gov, GS-I-Pubs-CR Staff ALL, atc@aqiweb.org, David R Solfer/GD/USGS/DOl@USGS, Janet M 
Carter/WRD/USGS/DOl@USGS, GS-I-CR RGIO lnfoServices@USGS, John P Donnelly/GIO/USGS/DOl@USGS, Betty B 
Palcsak/WRD/USGS/DOl@USGS, Peter N Schweitzer/GD/USGS/DOl@USGS, Randall C Omdorff/GD/USGS/DOl@USGS, Robert 
Wardwelt/GD/U.SGS/DOl@USGS, Susan E Quinn/RGIO/USGS/DOl@USGS, nqmdb@yahoo.com, John M Kilpatrick/WRD/USGS/DOl@USGS, Lori_ K 
Tuck/WRD/USGS/DOl@USGS, Heidi K Koonlz/DO/USGS/DOl@USGS, Gary L Rowe/DO/USGS/DOl@USGS, Lisa A Wald/GD/USGS/DOl@USGS, 
Bruce Heise/DENVER/NPS@NPS, Marisa Lubeck/DO/USGS/DOl@USGS, Linda J Jacobsen/GD/USGS/DOl@USGS, Gregory K 
Boughton/WRD/USGS/DOl@USGS, Frank D'Erchia/DO/USGS/DOl@USGS, Cheryl W Adkisson/GD/USGS/DOl@USGS, Christa D 
Chavez/GD/USGS/DOl@USGS 

Cc: Ch~istopher L Braun/WRD/USGS/DOl@USGS, Rebecca 8 LamberVWRD/USGS/DOl@USGS 

Date: 10/24/2011 12:44 PM 

Subject: Science Publishing Network - Publication Notice SIR 2011-5157 

,1ello, 

The following publication was approved for release and has been made available to the public. 
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Please update listings as needed. 

<;cientific Investigations Report 2011-5157: Streamflow, Groundwater Hydrology, and Water Quality in the Upper 
. \leto Creek Watershed in Southeast Texas, 2009-10 · 

http:l/pubs.usgs.gov/sir/2011/5157/ 

Thank you, 
David 

[),Ill.VI D •A• l?!;;~[).l,111;;'. 

Electronic Publishing Specialist 
U.S. Geological Survey 
Publishing Network 
Rolla Publishing Service Center 
_1400 Independence Road 
Rolla, Missouri 65401 
573-308-3796 

It is a fair, even-handed, noble adjustmentofthings,triat 
w!1ile there is infec!jon in dise.ase and s'orrow, there Js 
nothing so irresistibly contagious as laughter. 
-----------'---'--0,ICl!i:ENS 

,. __ ,_--,.,,_.: :·,:-~:, -·-··-\ ~,,.,. 

'·To virus found in this message. 
lecked by A VG - www.avg.com 

version: 10.0.1411 I Virus Database: 1522/3971 - Release Date: 10/24/11 
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Streamflow, Groundwater Hydrology, and Water Quality 
in the Upper Coleto Creek Watershed in Southeast Texas, 
2009-10 

By Christopher L. Braun and Rebecca B. Lambert 

Abstract 

The U.S. Geological Survey (USGS), in cooperation 
with the Goliad County Groundwater Conservation District, 
Victoria County Groundwater Conservation -District; Pecan 
Valley Groundwater Conservation District, Guadalupe-Blanco 
River Authority, and San Antonio River Authority, did a study 
to examine the hydrology and Strea1n-aquifer interactions 
in the upper Coleto Creek watershed. Findings of the study 
will enhance the scientific-understanding of the _study-area 
hydrology and be used to support water-management deci
sions to help ensure protection of the Evangeline aquifer and 
surface-water resources in the study area. This report describes 
the results of streamflow measllrements, groundwater-level 
measurements, and water quality (from both surface-water 
and groundwater sites) collected from three sampling events 
{July-August 2009, January 2010, and June 2010) designed to 
characterize groundwater (from the Evangeline aquifer) and 
surface water, and the interaction between them, in the upper 
Coleto Creek watershed upstream from Coleto Creek Reser
voir in southeast Texas. This report also provides a baseline 
level of water quality for the upper Coleto Creek watershed. 

Three surface-water gain-loss surveys-'July 29-30, 
2009, January I 1-13, 2010, and June 21-22, 2010-were 
done under differing hydrologic condition.s to determine the 
locations and amounts of stream flow recharging or discharg
ing from the Evangeline aquifer. During periods when flow in 
the reaches of the upper Coleto Creek watershed was common 
(such as June 2010, when .12 of 25 reaches were flowing) or 
probable (such as January 2010, when 22 of25 reaches were 
flowing), most of the reaches appeared to be gaining (86 per
cent in January 2010 and 92 percent in June, 2010); however, 
during drought conditions (July 2009), streamflow was negli
gible in the entire upper Coleta Creek watershed; strearnflow 
was observed in only two reaches during this. period, one that 
receives inflow directly from Audilet Spring and another reach 
immediately downstream from Audilet Spring. Water levels 
in the aquifer at this time declined to the point that the aquifer 
could 00 longer provide sufficient \Vater to the Streams to 
sustain flow. 

Groundwater-level altitudes were measured at as many " 
as 33 different wells in the upper Coleto Creek watershed 
during three different survey events: August 4-7 and 12, 2009; 
January 12-14 and 22, 2010; and June 21-24, 2010. These 
data were used in conjunction with groundwater-level altitudes 
from three continuously monitored wells to generate potentio
metric surface maps for each of the three sampling events to 
help characterize the groundwater hydrology of the Evange
line aquifer. The altitudes of potentiometric surface contours 
from all three sampling events are highest in the northeast part 
of the study area and lowest in the southwest part of the study 
area. Groundwater flow direction shifts from southeast to east 
across the watershed, roughly coinciding 'Yith the general flow 
direction of the main stem of Coleta Creek. Groundwater
level altit_udes increased an average of2.35 inches between 
the first and third sampling events as drought conditions in 
summer 2009 were followed by consistent rains the subse
quent fall and winter, an indication that the aquifer responds 
relatively quickly to both the absence and relative abundance 
of precipitation. 

A total of 44 water-quality samples were collected at 
21 different sites over the course of the three sampling events 
(August 4-7, 2009, January 12-14, 2010, and June 21-24, 
2010). In most cases, samples from each site were analyzed 
for the following constituents: dissolved solids, major ions,· 
alkalinity, nutrients, trace elements, and stable isotopes 
(hydrogen, oxygen, and strontium). Major-ion compositions 
were relatively consistent among most of the samples from the 
upper Coleta Creek watershed (generally calcium bicarbonate 
waters, with chloride often making a major contribution). Of 
the 23 trace elements that were analyzed in water samples as 
part of this study, only arsenic (in two samples) and manga
nese (in seven samples) had concentrations that exceeded 
public drinking-water standards or guidelines. At 3 of the 
19 sites sampled-State wells 79-06-411, 79-14-204, and 
Audilet.Spring-nitrate concentrations exceeded the thresh
old (2.0 milligrams per liter) associated with anthropogenic 
contributions. The majority of the water sa'mples (36 out of 
44) that were analyzed for stable isotopes of hydrogen and 
oxygen during the three sampling events plotted in a relatively 
iight cluster centered near the global meteoric water line. The 
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eight remaining samples, which include the four surface-water 
samples collected in June 2010, the sample collected from 
Coleto Creek Reservoir in January 2010, and all three samples 
collected at State well 79-15-904, deviate from the global 
meteoric Water line in a way that indicates evaporative losses. 
The isotopic signatures of the three samples collected at State 
well 79-15-904, when taken in conjunction wi\h its proxim
ity to Coleto. Creek Reservoir, indicate that there is likely a 
hydraulic connection between the two. When all of the sites 
are examined as a whole, there is a.general pattern in stron-. 
tium concentrations across the entire watershed that indicates 
that both the surface-water and groundwater samples derive 
from a single source (the Evangeline aquifer) with relatively 
uniform water-rock interactions. 

Introduction 

The U.S. Geological Survey (USGS), in cooperation 
with the Goliad County Groundwater Conservation District 
(GCGCD), Victoria County Groundwater Conservation Dis
trict (VCGCD), Pecan Valley Groundwater Conservation Dis
trict (PVGCD), Guadalupe-Blanco River Authority (GBRA), 
and San Antonio River Authority (SARA), did.a study to 

Description of Study Area 

The upper Coleto Creek watershed (fig. I) is mostly 
rural and, like other areas of Texas, is experiencing popula
tion growth (U.S. Census Bureau, 2011 ); as a whole, the three 
counties that make up the study area (De Witt, Goliad, and 
Victoria) experienced slightly less than a 3 percent popula
tion increase between 2000 and 2009. The upper Coleto Creek 
watershed starts about 12 miles (mi) northwest of Yorktown 
and ends at Coleto Creek Reservoir. Coleto Creek Reservoir, 
which is used primarily to provide cooling water for elec-
tric power generation, is about 12 mi southwest of Victoria 
on Coleto and Perdido Creeks and impounds runoff from 
507 square miles (mi') of drainage area (Guadalupe-Blanco 
River Authority, 2007). Conservation storage for the reservoir 
is 31,040 acre-feet (Texas Water Development Board, 2011 ). 

The upper Coleto Creek watershed overlies the Texas 
coastal lowlands aquifer system (Chicot, Evangeline, and 
Jasper aquifers). The Texas coastal lowlands aquifer system 

\ examine the.hydrology and strerun-aquifer interactions.in the 
upper Coleto Creek watershed (fig.!). Findings of the study 
will enhance th.e scientific understanding of the study-area 
hydrology and be used to support water-management deci
sions .for the Evangeline aquifer and surface-water resources 
in the study area. 

is equivalent to the Gulf Coast aquifer system (Ashworth and 
Hopkins 1995; Kasmarek and_Robinson, 2004). The Texas 
coastal lowlands aquifer system is composed of formations 
from Oligocene through Holocene age (fig. 2) that dip and 
thicken toward the Gulf of Mexico. The sediments composing 
the Texas coastal lowlands aquifer system consist of overlap
ping mixtures of sand, silt, and clay deposited and reworked 
by numerous oscillations of ancient shorelines (Ryder, 1996; 
Lizarraga and Ockerman, 20 I 0). The Jasper aquifer crops out 
(that is, becomes exposed at land surface) in the northwest 
comer of the study area; the following hydrogeologic units 
crop out successively towards the southeast comer of the study 
area: Burkeville confining unit, Evangeline aquifer, and Chicot 
aquifer (fig. 3). Geologic units c01Tesponding witl1 each hydro
geologic unit are shown in figure 2. 

The data documented in this report will provide baseline 
information to address different hydrologic and water-quality 
issues in a coastal study area undergoing changes in land use, 
such as possible streambank erosion, loss ofwetl~ds, subsid
ence, saltwater intrusion, problems associated with excessive· 
nutrients, disease-causing microorganisms, and toxic chemi
cals originating from industrial activities or mining practices~· 

Purpose and Scope 

The Evangeline aquifer, which is the principal aquifer 
of interest in this study, is typically wedge shaped (because it 
dips and thickens toward the coast) and has a high sand-clay 
ratio; it contains individual sand beds that are characteristi
cally tens of feet thick (Baker, 1979). The aquifer ranges in 
thickness from 400 to 1,000 feet (ft) where it crops out (the 
surface expression is shown in fig. 3): Near the coastline, 
where the top of the aquifer is about 1,000 ft deep; its thick
ness averages about 2,000 ft (Baker, 1979). The Evangeline is 
considered one of the most prolific producing aquifei-s in the 

The purpose of this report is to describe strea1nflo,v, 
-------Texas-CoastalI'lain-and-is-known-for-its-abundanceof-good-----------'----.-

groundwater-levef altitudes,-ancf"water quality (from both quality groundwater (Baker, 1979). 
surface-water and groundwater sites) from three sampling The climate of the study area is described as subtropical 
events (July-August 2009, January 2010, and June 2010) in humid and is characterized by warm summers and mild win-
order to c_haracterize surface water, groundwater from the ters (Larkin and Bomar, 1983 ). Heaviest precipitation tends 
Evangeline·aquifer, and the interaction between them, in the to occur in late spring to early summer and iil the fall (Texas 
upper Coleto Creek watershed upstream from Coleto Creek Water Development Board, 2007); droughts and floods are 
Reservoir in southeast Texas. co1nmon. 
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EXPLANATION 

Upper Coleto Creek watershed 

National Weather Service meteorological station 
and station number {table 3) 

Spring 

0 2.5 5 7.5 10 MILES 

0 2.5 " 5 7.5 10 KILOMETERS 

Base modified from U.S. Geological Survey·, :24,000 quadrangle 
digit.al data. Gulf Coast aquifer from Kasmarek and Robinson, 2004. 
Physiographic Regions of Texas from Bureau of Economic 
Geology, 1996. 
Universal Transverse Mercator projection, Zone 14 
North American Datum of 1983 

Figure 1. Location of study area. 
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System Series 

Holocene 

Pleistocene 

Pliocene 

Miocene 

'\ 
'\ 

'\ 

Geologic units 

Alluvium 

Methods of Study 

Site Selection 

Hydrogeologic units 

Chicot·aquifer 

EvangeJine aquifer 

------------
Burkevme·corifining system 

-------------jasper aquifer 

Catahoula confining system 

Figure 2. Geologic and hydrogeologic units of 
the Texas coastal lowlands aquifer system in 
the upper Coleta Creek watershed in southeast 
Texas (modified from Baker, 1979, table 1, and 
Mace and others, 2006, fig. 2-12). . 

variable (wet and dry) hydrologic conditions, as well as the 
most information regarding streamflow gains fi-9m or losses to 
the Evangeline aquifer. Sites at or just below the confluence of 
two streams, which were considered to be major contributors 
to streamflow in the study area, also were selected whenever Surface-water sites. were selected as part of the initial, 
possible. Surface-water sites were selected for water-quality 

broad-based inventory (table I, fig. 4) on the basis of their ___ _:_·---analyses-on-the-basisof-potential-for-perennial-flow-and-prox--------------. 
accessibility (typically adjacent to public roacls,ihereby imity to groundwater sites selected for water-quality analyses 
eliminating the need for permission to access private land), in order to allow for comparison of water quality between the 
Position relative to where the Evangeline aquifer cr6ps out, two. 
potential contribution to streamflow of the upper Coleto Creek Available monitoring wells completed in the Evangeline 
watershed (larger, perennial streams were given. Priority over aquifer in the study area were inventoried with assistance 
smaller, intermittent ones), and location within the study area from the cooperating agencies (GCGCD, VCGCD, PVGCD, 
relative to existing USGS streamflow-gaging stations and to GBRA, SARA) to identify suitable wells for monitoring and 

, the other surface-water sites identified during the inventory. A water-quality sampling. Approximately 75 percent of the 
subset of the surface-water sites from the broad-based inven- selected wells were within a I-mi buffer zone around Coleto 
tory was selected for the gain-loss survey. Sites were selected Creek and its major tributaries; a few additional wells along 
that provided the greatest potential for streanrflow during Perdido Creek were also identified. Infonnation frotn the 
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Hvdrogeologic u~its -, 'f!lffl!!J![l!J Chicot aquifer 

- Evangeline aquifer 

- Burkeville confining_ unit 

- Jasper aquifer 

Base modified from U.S. Geological Survey 
1:24,000 quadrangle digital data 
Universal Transverse Mercator projection, Zone 14 
NorU1 American Datum of 1983 (NAO 83) 

0 2.5 

0 2.5 5 

75 10 MILES 

7.5 10 KILOMETERS 

Methods of Study 5 

Mission 
!Z!Vallcy 

Cole to 
Creek 
Re~·ervoir 

Surficial geology modified from Proctor and others (1974) · 
and Aronow and ot~ers (1987) 

Figure 3. Hydrogeolrigic units in the upper Coleta Creek watershed, southeast Texas. 

initial broad-based well inventnry culminated in the selec
tion of 37 existing State wells {fig. 4). Of the selected wells., 
four were chosen because of their proximity to each of the 
four surface-water sites selected for water-quality analyses, 
whereas some wells were selected be.cause they were farther 
from stream~ and repreSented aquifer conditions that were less 
likely tn be influenced by streamflow. Wells.were also selected 
to provide a good spatiai distribution across the study area. 
Both shallow and deep Evangeline aquifer wells were selected 

for the study. No wells were selected where the Jasper aquifer 
crops out in the northwest corner of the upper Coleto Creek 
watershed (fig. 3), because the Evangelineaquifer is absent in 
this area. Depth to water, well depth, discharge, general con
struction information, aquifer(s) penetrated, and location were 
determined for each of the wells inventoried whenever pos
sible. This information was compiled, reviewed, and entered 
into the USGS National Water Information System (NWIS) 
database (U.S. Geological Survey, 2011). 



Table 1. Description of surface-water sites in the upper Coleta Creek watershed, southea~t Texas, July 2009-June 2010. 

[USGS_, U.S. Geolog_ical Survey; x, measurement made; M, miscellaneous streamflow measurement site; C, continuous stretflow measurement site; R, reservoir-stage gaging station) 

Site USGS Gain-loss survey Water-quality sampling 
identifier . . ~i 

,
1
• 

4 6 
station . USGS statmn name 

, 1gs. , , b 
12

_
151 

num er 
January June 

2010 2010 

1 08i 76523 Salt Creek al County Roiil:lJif;i.;,.;:%,kfo"1n, Tex. x ', ' ··-.;;,' 

11 08176526 Thomas Creek at Cottonpatch Road near Yorktown, Tex. x x 

13 · ·isri&s19 sriiiihcJ;r1rru~i\w,;~.·n'wr,;rfJtliiaWri:r;;r 
M -.:treamflow De Witt x x x 14 

2 
12 

23 

08176532 Smith Creek at Highway 119 near Yorktown, Tex. ~~ 

o'8i 1?i5:i.s \.;oiktowitere~katc"ti'nWFil;s?a,\393,;;~~t.f<>rktciWii; idx'.: . "'fu('''§tl'.g:iiriftliw'f'' r,r1m1rr,·:,;,:5::+··· ., ,;• '' '""'' 't 
0817653-8 Yorktown Creek at Highway 72 at Yorktown, Tex. 

· osi1ii54o···+c\}k'tbwit&l~~ii\itc~~.f1yt&k,1'lr's2Y#&i,Ff&\a'J~'f~;;:' ······. 
26 08176544 Fifteenrnile c'feek. at County Road 449 'Road near Ander, Tex. 

44 081765-48: -.Fifte~riilin~,c¢¢k'0·~-Xµ~TtrC1l1~trl!g-·1ieJ·:Afid~i.:-fei) -- --·J .. ' 

46 08176550-· Fifteenmile Creek near Weser, Tex. 

76 ... o&i 1i;sss Fifte~iiiiili.ft':lticik'il!F;;tlfil1i~'ii~!lf At4er!T~jc:,, 
62 08176565 Eighteenmile Creek at Highway 119 at Weesatche, Tex. 
70 . ·;,.d:8"1-7(t5-8(}/:'.E1-~t~e,fuii·il~1t3t~l~f~f,ift~KW~§f21£7.~1'.81'.<ri~fAiid'er;'r~~/1<"'' 

80 08176590 Fifteetimile Creek below Eighteenmile Creek near Ander, Tex. 

79 .. osi16592 Fifi'~gJ;;m.; 'c~~kri~hl:1:A:ll'aft;!J:~"'t'?'"" Fe% • ', .. 

M Streamflow _I De Witt 

M si¥~'&.fu1mw"l 'h~wift' 

M '·~~~,=~~,! i~wtif'' 
Goliad M 

x 
.'x 

x 

M s~:a~~~~ ~ r, ~~!!rt_ P"' ,"x""" 
Streamflow j Gti!fad x 

., .. ,,4;~_; ' S~ea?1~.?:~\J ·-~,=~?!i~!-,c"'·'"aVS~ ~~ 
M Streamflow Goliii1:! " "x " 

"-:·_-.:;1:~. Stre~~"ow, I ,,??~,~~ ~, ~~ 
· M- · Streahiffow 1 Goltad x 

Streamflow DeWitt x 

x x 

x x 

x x 

x x 

x x 

x x 20 

34 
51 

9 

32 

08176594 Twelvemile Creek at·Fann Road 2718 near Yorktown, Tex. M 
68i7659g "<'f~el¥¢ihiie'Cf¢'~k:]ttlfg~[~7:f7A}f»3~i1€~Nify'g~t:i11e)T~~-:" ,- M ;_:,f::-Sft~ffui't<lfy)f<-<··,:l)ci;:w1ftc·,~,c; ·: "?i\/'\F(~.:-_*::·~_.,y, x:·--: --

'fi' 
55 
90 
97 

08176598 Twelvemile Creek at Wendel-Road near Meyersville, Tex. M Streamflow De Witt x 

· o'st76599 ·· F,vg"iiil\~'.c,~~k"aFi'Itgfl(vtiyf't1#Ms';,~a£'X@~ifii%i~,t~~-" · "'<M S&t;ffift6~r-r fawf1i'''' 1 
M. Streamflow 08176675 Fivemile Creek at Farm Road 3157 near Arneckville, Tex. 

"'"B~-i7675U) ·#iV~Mi1~1:C}~ff'.ii'{1$6\~if©~Rii~~F4(fb~ri~~rn~wr~$i'f1#!::TJ~? 
De Witt 

"'Y-Y' f'.}Sfrliiill1fttw~·\r-" ···o~fWlff"\'f:'.!'c'( t:;r· 
x 

08176825 Twelvemile Creek at Farm Road 237 near Mission Valley, Tex. M Streamflow j Victoria 

os116'90-0 •• coiJigcR'~ll ~t:a:iii'l'ifafit&ict''e¥;;i~ifiil'Mii?sti\iilJa~i,t~"ii ' 0 '"c ' slf~'iciiiil&w ' ' • · da11.,t 
x 

08177000 Coleta Creek near Tex. M Streamflow Victoria x 

x x 

x x 

x-' 

x x 

x x 

August January June 
2009 2010 2010 

'·'.·s,.;.'o_f---·,-S;--:'- 'V'.':X;·.,C 

x x 

/"'ct:,"'·' 

,}.'.'.\{i~'!-S't;:':;\'-,'.ffF'."l ?\\'.-'Y,";;'.?":·' 

x 87 08177300 Perdido Creek at J:arm Road 622 near Fanni~ Tex. 

-101 -._:ff$I7.7:3-'i"O -,;.p:erd1'a6;¢ie~1t~''f~g--;RS~:Wt~Efilfiirrl?Jf$:ktf~~}-!"' .·.·. ·.··~. ~:f ;~~~~ ·· I ",;0;"
0

,rli,sad; iji;•,'.ii"°I(c•:1,,,,., "'"""" ., '"'"'''' •,:,,·,,,. 'C""' vp;:,:,1;;:c"''""i" ·,·,fiilt('' 
x x x x 

Goliad 08177350 Perdido Creek at Farm Road 2987 ne3.r Fannin, Tex. 
·.·_-t?'<·"·"' y~,,., .... y .. .- · -:·-·-:-~'-. '""'';--:'.-·. :_-s..<:>P ·_.)<\:·".8':;'""""~.>.W->'; :">'"<, _, '\·"'·U''<r··:::"''"'>., ,:',·.-...,_-,.,., ..... ·."'•' :-·:_. ~,:"~'-,"','·<"'' ;!_:, ... -,_ 'AP.:_.'1,··-"'.:-.<-•·:-·· ,c;_,;-;->"s?g ;1r>"· '· \~·-' .. -.. ,-,.,-. --\-· _.· 
· 0811740.0· -~' C_O"let9·.Cre~W'~eSer§ojr.it~af-'\/ibtdI'J.~ -:fex:-. >:- -.::· · -~ -· __-:_.. .:R ·._:_Re&eniOJt',st_a~e·· Vi.cldri_a:> . . X . 1' • ·-. x .. ,. -x· .. 
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reservoir station and station number 
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Figure 4. Locations of all sites where samples were collected or measurements were made in the upper Coleto Creek watershed, southeast Texas. 
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8 Streamflow, Groundwater Hydrology, and Water Quality iii the Upper Coleto Creek Watershed in Southeast Texas 

Streamflow: Synoptic Gain-Loss Surveys and 
Gaged Data · · 

Three surface-water gain-loss surveys were done in dif
ferent seasons with differing hydr~logic conditions-summer 
2009 (July 29-30), winter 2010 (January 11-13), and again in 
summer 2010 (June 21-22)-to more accurately determine the 
seasonal variation, locations, and magnitude of stream-aquifer 
interaction. Methods used to measure streamflow (discharge) 
amounts during each gain-loss survey are described in detail 
by Rantz and others (1982). The results of the gain-loss assess
ments in this study are intended to provide initial information 
to improve the understanding of the study-area hydrology, but 
these results will not be adequate for broad characterization 
of gaining and losing streamflow over all hydrologic regimes, 
nor can they be extrapolated over titne. Synoptic streatnflow 
measurements were made at 25 surface--water measuterriellt 

. sites during each of the three gain-loss surveys (table I, 
fig. 4). Streamflow 1neasuremenIB were made in One or two 
of the three gain-loss surveys at three alternate measurement 
sites (USGS stations 08176548 Fifteenmile Creek at Audilet 
Crossing near Ander, Tex .• 08176.590 Fifteenmile Creek below 
Eighteenmile Creek near Ander, Tex., and 08177310 Perdido 
Creek at Franke Road near Fannin, Tex.). These alternate sites 

. were used to yerify results collected at the primai-y·sites ·or as 
a check for flow in a site upstream from a primary site that had 
no flow. Streamflow measure1nents were made in two of the 
three gain-loss surveys at one site (USGS station 08176592 
Fifteenmile Creek near Ander, Tex.). 

Streamflow data collected during June l, 2009-June 
30, 2010, from two USGS streamflow-gaging stations in 
the upper Coleto Creek watershed (08176900 Coleto Creek 
at Arnold Road Crossing near Schroeder, Tex. [hereinafter 
statiim08176900 on Coleto Creek] and 08177300 Perdido 
Creek at Farm Road 622 near Fannin, Tex. [hereinafter ·station 
08177300 on Perdido Creek]) provided additional data points 
(for the time periods between gain-loss surveys) for the assess
ment of gaining and losing reaches. Stream-flow measure
ments were made about every 2 months during the siudy at the 

. two streamflow-gaging stations, and continuous stream-flow 
records are computed from the stage, or gage height, which 
is measured every 60 minutes by using a pressure transducer 
or radar equipment. An analysis of potential measurement 
elTor for the rated streamflow values has been included in the 
gain-loss calculations that i~clude rated strearnflow from exist
ing strea1nflow-gaging stations (discussed in the "Gain-Loss 
Streamflow Measurements" section). 

Water-Level-Altitude Measurements 

Using methods described by Cunningham and Schalk 
. (20 l I), depth to groundwater was measured at as many as 

33 different State wells in the upper Coleto Creek watershed 
with either a steel tape or an electronic water-level coritact 
tape (e-line) three separate times: (I) August 4-7 and 12, 

2009; (2) January 12-14 and 22, 2010; and (3) June 21-24, 
2010. At some sites, water levels might not have been mea
sured for one of the following reasons: the well was being 
pumped at the time of the site visit, the field technician was 
unable to obtain permission to access the well, _or the well 
was not incorporated into the network until after the first 
round of sampling. The depth to groundwater data were used 
to generate potentiometric surface maps for each of the three 
rounds of data collection. Water-level altitudes (WLAs) were 
subsequently computed by subtracting depth to water at each 
sampling location from ground-surface elevation at that loca
tion; ground-surface e:fevations were obtained by intersecting 
well locations with land-surface altitudes derived from the 
USGS National Digital Elevation dataset (Gesch, 2007). These 
data were used in conjunction with WLAs (when available) 
from three wells, which are continuously monitored for WLAs 
by the Texas Commission on Environmental Quality (TCEQ). 
Data from the three TCEQ wells used for this report were 
entered into the NWIS database (U.S. Geological Survey, 
20Jl). Of the three monitoring wells operated by TCEQ, two 
were deactivated by TCEQ after the first sampling event (State 
wells. 79-05-505 and 79-15-604 were deactivated on Octo' 
ber 18, 2009, and November 4, 2009, respectively), but the 
third (State well 79-13-224) was active throughout the course 
of the study. USGS station numbers corresponding to all State 
well numbers used in this report are listed in table 2. 

Water-Quality Sample ,Collection 

A total of 44 water-quality samples were collected 
at 21 sites over the course of the three sampling events 
(August 4-7, 2009, January 12-14, 2010, and June 21-24, 
2010). However, all sites were not sampled for all chemical 
constituents during all three sampling events. Stable iso-
tope samples for hydrogen and oxygen were collected at all 
21 sites. Physical properties (dissolved oxygen, pH, specific 
conductance, temperature, and turbidity) were measured onsite 
using a YSI handheld multiparameter meter at all sites except 
USGS' station 08177 400 Coleta Creek Reservoir n6ar Victoria, 
Tex., {hereinafter the Coleto Creek Reservoir site). Water
quallty samples collected from all surface-water sites (table 
1 ), and from Audilet Spring and the groundwater sampling 
sites (with the exception of those collected from State well 
79-23-205 and the Coleto Creek Reservoir site; table 2) were 
analyzed for dissolved solids, major ions, alkalinity, nutrients, 
trace elements, and the stable isotope of strontium. Samples 
collected from State well 79-23-205 and the Coleto Creek 
Reservojr site were analyzed for hydrogen and oxygen stable 
isotope analyses exclusively. Of the 19 sites analyzed for a full 
suite of constituents, 4 were surface-water sites (streams) and 
the remaining 15 were groundwater sites (wells) . 

The four stream sites selected for water-quality analyses 
(USGS stations 08176540 Yorktown Creek at County Road 
452 near Yorktown, Tex., 08176590 Fifteenmile Creek below 
Eighteenmile Creek near Ander, Tex., 08176900 on Coleto 
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Table 2. Description of groundwater and spring sites in the upper Coleta Creek watershed, southeast Texas, August 2009-June 2010. 

[USGS, u_s_ Geological Survey~ x, measurement made] 

Site 
identifier 
(figs. 4.6. 

12-15) 

. 18 

42 

.,.43 
49 

52 

57 

71 

73 

82 

USGS 
station number 

State 
well 

number 
Site type County 

285752097224201 79-05-304 Groundwater DeWitt 

285451097203401 79-06-710 Groundwater DeWitt 

285443097174801 79-06-808 Groundwater DeWitt 

285254097195801 79-06-810 Groundwater Goliad 

285038097255402 79-13-224 Groundwater Goliad 

285149097195201 79-14-204 Groundwater Goliad 

285025097182101 79-14-205 Ground,vater Goliad 

285203097163001 79-14-303 Groundwater Victoria 

Water-level measurement 

August 
2009 

'x 

x 

x 

x 

x 

x 

x 

January 
2010 

x 

June 
2010 

x 

x x 

x x 

x x 

x 

x x 

x x 

x x 

Water-quality sampling 

August 
2009 

x 

x 

x 

x 

January 
2010 

x 

x 

x 

June 
2010 

x 

x 

x x x x x x 

i:;:~far~~~~11~P,2¥1t~tr~g:J1s.~~~ii:1~1i~~.~i1~\~ltJJit~~~~!!tfif~~913~£~1~~1~1.i1i~~~-iihWBl:t7~~&1f~iJJl'itBJ 
93 . 285216097112801 79-15-205 Groundwater Victoria x x x x 

98 284801097081601 79-15-604 Groundwater Victoria x 

107 284240097112201 Groundwater Victoria x 
''JOlf; 

45 285354097215401 79-06-711 Spring Goliad x x x 
(Audilet 
Spring) 
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Creek, and 08177300 on Perdido Creek [table I. fig. 4]) were 
not .flo\ving when the sites ,vere visited during August 2009, 
so five alternate sites (wells) were sampled in their place 
(State wells 79-15-206, 79-15-205, 79-06-810, 79-06-709, and 
79-05-303, respectively). Because the streams were flowing 
past the four streamflow-gaging stations during·the two sub
sequent san1pling events, the five alten1ate sites were sampled 
only once (August 2009), and the four stream sites were 

. sampled two times each (January 2010 and June 2010). Sam
ples were collected only once (during January 20!0) from the 
Coleto Creek Reservoir site and from State well 79-23-205, 
whereas State well 79-06-713 was sampled twice, in January 
2010 and June 2010. The nine remaining sites (all wells) were 
each sampled during all three sampling events. 

Water-quality samples were collected, processed, and 
preserved in accordance with standard USGS methods 
documented in the "National Field Manual for the Collec-
tion of Water-Quality Data" (U.S. Geological Survey, vari
ously dated); In preparation for. the collection of groundwater · 
samples, all wells were pumped until the physical properties 
stabilized prior to sample collection and processing. Surface
water sampling was also predicated on field-measure1nent 
stabilization prior to sample collection and proces~ing. 
Physical properti.es were considered stable when the variation 
between five or tnore sequential field-n1easurement readings 
was less than 0.3 milligram per liter (mg/L) for dissolved 
oxygen, 5 percent for specific conductance, 0.05 unit for pH, 
and.0.2 degrees Celsius for temperature. Groundwater-and 
surface-water samples were collected at each site in a 2-liter. 
Teflon bottle, which was then subsampled into the appropriate 
bottles for the desired analyses at the site in que~tion. 

Analytical Methods 

Using the inflection point meihod, alkalinity was deter
mined at the time of sample collection by titration of 50 mL 
of filtered sample with' l.6-normal sulfuric acid to.a pH of 
less than 4.0 (Rounds, 2006). All samples had negligible 
hydroxide and carbonate concentrations, so these ions were 
not considered in this rep~rt. The water-quality samples were 
analyzed for major ions, nutrients, trace "elements, and selected 
stable isotopes. Water samples were analyzed in accordance 
with approved methods by the USGS National Water Quality 
Laboratory (NWQL) in Denver, Colo., for major ions (Fish
man and Friedman, 1989; Fishman, l 993), nutrients (Fishman, 
1993; Patton and Truitt, 2000), and trace. elements (Fishman 
and Friedman, 1989; Garbarino, 1999; and Garbarino and 
others, 2006). 

Samples for stable isotopes of hydrogen and oxygen 
were analyzed by the USGS Stable Isotope Laboratory in 
Reston, Va. (Epstein and Mayeda, 1953; Coplen and others, 

, 1991). Stable isotopes are reported as the ratio of the two most 
: abundant isotopes of a given element. The 1nost abundant iso
topes of hydrogen are hydrogen-2 ('H), which is also referred 
to as deuterium (D), and hydrogen-! ('H), which is also 

referred to as protium. The most abundant isotopes ofoxygen 
are oxygen-18 (180) and oxygen-16 (160) (Clark and Fritz, 
1997). Water molecules with a larger percentage of the lighter 
hydrogen and oxygen isotopes ('Hand "Q, respectively) 
evapqrate preferentially compared to water molecules with a 
larger percentage of the heavier hydrogen a1:1d oxygen isotopes 
('Hand 180, respectively) (Bruckner, 2009). Stable isotope 
analysis results for 211H and 181160 are reported as OD and 0180, 
respectively, each of which represents the relative difference 
in parts per thousand (per mil) between the sample isotope 
ratio and the isotope ratio of a known standard (Kendall and 
McDonnell,1998). The ratios ofnaturally occurring, stable 
isotopes of strontium (strontium-87/strontium-86, also notated 
o87Sr/ o86Sr) were determined by the USGS National Research 
Program Laboratory in Menlo Park, Calif., in accordance with 
approved methods (Bayless and others, 2004). 

Quality Assurance 

Quality control (QC) samples were collected to ensure 
the quality, precision, accuracy, and completeness of the 
water-quality dataset. Water-quality samples were collected 
anlprocessed by following the procedures documented in the 
USGS National Field Manual (U.S. Geological Survey, vari
ously dated). One eq~ipment blank was collected on August 
10, 2009, and sequential-replicate samples were collected 
on August 5, 2009 (State well 79-06-411), and on Janu-
ary 11, 2010 (State well 79-14-804); these results are listed in 
appendix 1. The equipment blank was analyzed for 1najor ions, 
nutrients, and trace elements; replicate samples were analyzed 
for majoi' ions, nutrients, trace elements, an4 stable isotopes 
(oD, 0180, and o87Sr/ o86Sr). 

As noted by Fleming and others (2011, p. 18), "the 
accura~y of 1najor dissolved~constituent values in a reason
ably complete chemical analysis of a water sample can be 
checked by calculating the cation-anion balance (Hem, 1985). 
lfthe analytical work has been performed accurately, and 
if all major ions were analyzed, the difference between the 
two sums will generally not exceed approximately plus or 
minus 5 percent." Additional quality-control checks of ionic 
balances revealed the analyses for some constituents were 
suspect for samples collected at two of the wells. The cation
anion balance of samples collected August 6, 2009, at State 
well 79-[5,!01 exceeded the plus or minus 5 percent criterion 
( the cation concentrations were all markedly smaller compared 
to the anion concentrations, possibly because the deionized 
water used to rinse the filter had not been completely evacu
ated prior to filling the sample bottle) and the cation concen
trations were judged erroneous by the authors. In addition, 
alkalinity for the sample collected at State well 79-15-904 on 
June 21, 2010, was judged erroneously low; there were no 
corroborating data (such relatively low concentrations of other 
anions or cations) to substantiate the validity of this alkalinity 
value. The cation data collected August 6, 2009, from State 
well 79-15-101 and alkalinity measured June 21, 2010, from 




